The present work aims to improve the definition of the constitutive laws for the wood structure at different grain orientations, by carrying out mechanical compression tests on spruce wood samples.
Introduction
An increasing interest in the timber use, especially structural composite lumber (SCL) in building industry production has induced researchers to develop more efficient models for the mechanical properties of the wood material [1, 2] . The efforts carried out by the researchers have, mainly, focused a better characterization of the stress-strength pattern up the elasticity region [3, 7] . These studies have contributed to a better definition of the mechanical behaviour of the structural wood, with the aim to implement analytical laws in the FEM techniques, covering, so, the lack of definition, respect to other structural buildings materials (steel, reinforced concrete).
The most important aspect of this research topic is related to the particular constitutive properties exhibited by wood due to its complex microscopic structure, consisting of the annual rings running and of the diffuse inhomogeneities. So, that behaviour, generally, schematised into orthotropic linear or non-linear [6] models, has been difficult to predict because of a pronounced statistical scattering of the mechanical experimental properties. Also, concerning the mechanical properties at different loading orientations to the grain [4, 5] , there is a great lack of studies, particularly at orientations different from three principal directions.
The present work aims to contribute to a better definition of the constitutive laws for the wood at different grain orientations, carrying out mechanical compression tests on samples. A main, further objective of this work is to develop a general model with a 3D constitutive equations basis where an incremental-loading technique will be used to describe the non-linear pattern in stress-strength region.
The preliminary tests described in this study regarded a compressive loading case. Tensile and bending aspects of this work need further development.
Material and methods
The material tested was clear spruce wood. The tests were carried out according to geometrical UNI-ISO standards. The material tested was clear spruce wood. The samples were 30 mm height, with a cross-section (S1) of 20 mm x 20 mm for the longitudinal grain orientation (P) and 20 mm height with a cross-section (S2) of 30 mm x 20 mm (according to the UNI-ISO standards) for the orthogonal grain orientation (O). With respect to the 45° (45) angle grain orientation, both S1 and S2 cross-sections were considered, instead. Samples were loaded, for the P orientation, at a cross-head speed of 0.8 mm/min, for the O and 45 orientations at 0.5 mm/min. The load acted radially to the annual rings. For P and O orientations, fifty samples were tried, while for the 45° orientation fifty samples were used for both S1 and S2 cross-sections
The preliminary results, to predict the stress-strain patterns of the wood, were studied by a draft, simple curve-fitting model. A polynomial interpolation (4th power), supported by a statistical validation, has been used in this work.
However in a further work, it is required to study deeply modelling aspect using an optimal sample's shape. The aim is to implement other curve-model, according to the scientific literature trend.
Results and discussion
First of all, the tests have pointed out, according with other authors [5] , that the samples geometry (UNI-ISO) is more favourable to elastic behaviour than to the large strains, where occurred buckling of the sample, notwithstanding, we were interested both in the elastic behaviour and plastic one. For this reason, for a complete definition of the mechanical wood properties another fitted geometry is more suitable, preferable, with a unique cross-section both for tensile and bending case.
The results are the following. The fig. 1 shows the stress-strain pattern in the longitudinal compression loading case, where the curve-fitting polynomial interpolation of 4th power exhibits a very high statistical determination coefficient R 
and R 2 =0.874 and R 2 =0.851, respectively, determination coefficients, which are below the previous values. This last result is due to the intermediate situation acting between the two opposite behaviours, the P and O orientations, probably, complicated by the annual rings influence. However, the stress-strain pattern follows a typical perfectly elastic-plastic behaviour. 
Conclusions
These first experimental results, contribute to study the modelling of the constitutive laws of the wood, in a structural timber. In fact, these results in compression loading, point out:
• Generally in the scientific literature, the statistical significance of the experimental tests it has not reached a sufficient level. For this reason, is difficult to implement a valid mechanical modelling of the wood structure. But, in this work a good statistical significance has been reached.
• Different behaviour, different results obtained for the three grain orientations: parallel, orthogonal and 45°confirm, that the wood material is very weak along the orthogonal grain.
• These first results need further study, considering, other loading case, tensile and bending cases using the same settings and sample's shape.
